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Description 

: . C ; 

[0001] This specification relates to organopolysiloxane compositions such as are used for imparting non-tackiness, 

water repellency, lubricity and wear resistance to rubber surfaces. In particular aspects it relates to organopolysiloxane 

5 compositions for use in surface treatment of rubber to form durably wear-resistant coatings thereon. It also relates to 

the preparation and use of such compositions, anda^/ubber articles having coatings formed from such compositions. 

7** * ' " 

Prior Art 

10 [0002] Inert silicone oil and various curable organopolysiloxane compositions have been used for imparting non- 
tackiness and water repellency to rubber surface. 

[0003] The inert silicone oil has high initial wear properties, but does not last long since it is readily shed from the 
substrate surface by physical action as weak as water washing. 

[0004] The curable organopolysiloxane compositions used heretofore are typically those containing a both end hy- 
15 droxyl - blocked diorganopolysiloxane, a Si - H group - containing organopolysiloxane and/or an organoaikoxysilane, 
and an organic tin compound. These compositions form on the substrate surface coatings which are acceptably tack- 
free and water repellent, but poor in lubricity and wear resistance. It is possible to improve adhesiveness with a sub- 
strate, lubricity and wear resistance by adding a mixture or reaction product of an organopolysiloxane having an epoxy 
group such as glycidoxy group and epoxycyclohexy I group and alkoxysilane or siloxans having an amino group (Japan 
20 jp-B Nos. 54-43023, 56-19813 and 56-47864), but the improvement is not yet fuliy attained. It is also possible to 
improve lubricity and wear resistance by adding inert silicone to such organopolysiloxane compositions (Japan JP-B 
No. 4-80072), but the coatings are not satisfactorily durably wear resistant where frictional forces are repeatedly applied. 
There is a strong desire for improving coatings to be durably wear resistant. 

[0005] EP-A-482480 describes organopolysiloxane compositions for surface coating on EPDM articles. The com- 
25 jSositidn^r^ises""" * " 

(A) an organopolysiloxane including epoxy -containing substituents, and optionally also terminal hydroxy groups, 
with a degree of polymerisation n from 10 to 5000; 

(C) an organohydrogenpolysiloxane in order to condense with hydroxy groups o; component (A); 
30 (D) an alkoxysilane having alkoxy groups and also mercapto group bonded to silicon via a carbon atom; 

(E) an alkoxysilane having alkoxy groups and an amino group bonded to silicon through at least one carbon atom, 
and 

(F) a metal salt of a fatty acid as catalyst. 

35 [0006] The possible addition of silicone resin powder is mentioned, but no details are given. 

[0007] A general aim herein is to provide new and useful organopolysiloxane compositions curable to form coatings, 
particularly on rubber surfaces. Desirable coating characteristics are lack of tack, water repellency, lubricity and wear 
resistance, preferably in combination. Lasting wear resistance in particular is a preferred aim. 
[0008] According to one aspect of the invention we provide an organopolysiloxane composition comprising 



(A) 100 parts by weight of diorganopolysiloxane of the following general formula: 

HOR^SiO[R^SiO] m SiR^OH (1) 

wherein groups R 1 are selected from monovalent hydrocarbon groups which may be unsubstituted or substituted 
with halogen, nitrile or hydroxyl, except that up to 1 mol% of groups R 1 may be hydroxyl, and m is at least 150; 

(B) 5 to 80 parts by weight of diorganopolysiloxane of the following general formula: 

R§SiO[R2siO] n SiR§ (2) 

wherein groups R 2 are selected from monovalent hydrocarbon groups which may be unsubstituted or substituted 
with halogen, nitrile or hydroxyl, and n is equal to or greater than m; 

(C) 1 to 30 parts by weight of organohydrogenpolysiloxane having per molecule at least three hydrogen atoms 
attached to silicon atom; 

(D) 1 to 20 p£rts by weight of organosilane containing per molecule at least two alkoxy groups attached to silicon 
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at^hed to silicon atom through an alkylene group; 



atom, and a mercapto group attSched to silicon atom through an alkylene group; 

partial hydrolysate of such organosilane in which at least two alkoxy groups survive, or 
a mixture of such organosilane and partial hydrolysate; 

5 

(E) 5 to 100 parts by weight of organosilane containing per molecule at least two alkoxy groups attached to silicon 
atom and a substituted or unsubstituted amino group attached to silicon atom through an alkylene group; 

partial hydrolysate of such organosilane in which at least two alkoxy groups survive, or 
10 a mixture of such organosilane and partial hydrolysate; 

(F) 0.5 to 15 parts by weight of metal salt of fatty acid, and 

(G) 2 to 40 parts by weight of fine powder selected from thermoplastic resins and the metal oxides silica, zircon ia 
and alumina, and having a mean particle size not more- than 50jim. 

15 

[0009] We have found that a cured organopolysiloxane coating of such compositions is obtainable with good non- 
tackiness, water repellency and lubricity, and also wear resistance durability. 

[0010] Another proposal herein is an article, typically a rubber article, having a cured coating formed from a compo- 
sition as proposed herein. 

20 [0011] Another proposal is a method comprising forming such a curable organopolysiloxane composition by mixing 
the ingredients disclosed herein. 

DETAILED DESCRIPTIONS; PREFERRED AND OPTIONAL FEATURES 

25 [0012] An organopolysiloxane composition has, and may be substantially constituted by, components (A) to (G). 
[0013] Component (A) is a both end hydroxyl-blrcked diorganopolysiloxane of theformula (1 ). It is a main component 
to form a coating, with its hydroxyl groups reacting with a Si-H group of component (C) and alkoxy groups of components 
(D) and (E) for curing. 



HOR^SiO[R^SiO] m SiRjOH (1) 



[0014] In formula (1), groups R 1 are monovalent substituted or unsubstituted hydrocarbon groups. It is preferably 
selected from hydrocarbon groups having 1 to 8 carbon atoms, more preferably 1 to 6 carbon atoms, for example, alkyl 

35 groups such as methyl, ethyl, propyl, isopropyl, butyl, iso-butyl, ter-butyl, pentyl, neo-pentyl. hexyl and cyclohexyl, 
alkenyl groups such as vinyl, ally I, propenyl, isopropenyl, butenyl, iso-butenyl and cyclohexenyl, aryl groups such as 
phenyl, tolyl, xylyl and naphthyl, aralkyl groups such as styrenyl, benzyl, phenylethyl and phenylpropyi and substituted 
hydrocarbon groups in which one or more hydrogen atoms of these hydrocarbon groups are replaced by halogen atoms 
including fluorine atoms and chlorine atoms, or by nitrile groups. Examples are chloromethyl, chloropropyl, bromoethyl, 

40 trifluoropropyl and cyanoethyL These groups are in themselves conventional and the skilled person will be able to 
apply conventional knowledge to the selection thereof. Part (usually 1 mol% or less) of R 1 may be or have hydroxyl 
group if particularly desired for imparting certain properties. A substituted or unsubstituted alkyl group, particularly a 
methyl group is preferred among these groups because of ease of synthesis, ease of handling, and an ability to impart 
adequate curability to the composition. Letter m which represents a degree of polymerization is an integer of at least 

45 150, preferably from 150 to 10,000, more preferably from 200 to 10,000. If m is less than 150, the cured coating 
becomes brittle and would not follow deformation of the substrate. If m is too large, the composition before curing would 
have an increased viscosity to render handling less efficient. Two or more diorganopolysiloxanes may be used in 
combination if m is within the above-defined range and if desired. 

[0015] Component (B) is a diorganopolysiloxane of the following general formula (2). The diorganopolysiloxane (B) 
50 does not contain a hydroxyl group attached to a silicon atom in a mnolecule and is effective for imparting lubricity and 
satisfactory wear resistance to a cured coating. 



R2SiO[R|SiO] n SiF|2 (2) 

[0016] In formula (2), R 2 are monovalent substituted or unsubstituted hydrocarbon groups preferably having 1 to 8, 
preferably 1 to 6 .carbon atoms, examples of which are the same as described for R 1 . Again, a substituted or unsub- 
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amm\y\ qroup.is a preferred R 2 group because of eWKl 



stituted alkyl group, particularly a^Wiyl group.is a preferred R 2 group because of ealKf synthesis. Letter n is an 
integer equal to or greater than m, and preferably in the range of 150 to 1 2,000, more preferably 200 to 10,000. Some 
of the above-mentioned advantages would be lost if n is smaller than m. 

[0017] Component (B) is blended in amounts of 5 to 80 parts, more preferably 5 to 60 parts by weight per 100 parts 
5 by weight of component (A). With less than 5 parts of component (B) on this basis, the cured coating may be poor in 
lubricity and wear resistance. More than 80 parts of component (B) may reduce the mechanical strength of a cured 
coating and rather adversely affect wear resistance. 

[0018] Component (C) is an organohydrogenpolysiloxane having at least three hydrogen atoms, preferably from 3 
to 100, more preferably from 3 to 50, each attached to a silicon atom, in a molecule. It acts as a crosslinking agent by 
10 reacting with a hydroxyl group attached to a silicon atom in component (A) in the presence of a metal fatty acid salt as 
component (F) to thereby form a three-dimensional network structure. The molecular structure of component (C) is 
not critical and may be any of straight, branched, cyclic and three-dimensional structures. 
[0019] The organohydrogenpolysiloxane may have the following compositional formula: 



R 3 Hb sjo^Jfe±bl 



wherein 0.5 < a < 2, 0.02 ^ b ^ 1, and 0.7 < a + b < 3. The organohydrogenpolysiloxane may have 4 to 150 silicon 
atoms, preferably 4 to 100 silicon atoms in a molecule. 

20 - [0020] The organic group attached to a silicon atom in a molecule expressed by R 3 in the above general compositional 
formula is a monovalent substituted or unsubstituted hydrocarbon group having 1 to 8 carbon atoms exemplified by 
the same groups as those in R 1 , and include alkyl groups such as methyl, ethyl, propyl, buty! and hexyl, alkenyl groups 
such as vinyl and allyl, aryl groups such as phenyl, aralkyl groups such as styrenyl, and substituted hydrocarbon groups 
in which some hydrogen atoms of these hydrocarbon groups are replaced by halogen e.g. fluorine atoms or chlorine 

25 atoms, or by nitrile groups. Some organic groups may be hydroxyl groups. A substituted or unsubstituted alkyl group, 
particularly a methyl group is especially preferred because of ease of synthesis. 

[0021] Component (C) is blended in amounts of 1 to 30 parts, more preferably 2 to 25 parts by weight per 100 parts 
by weight of component (A). On this basis, less than 1 part of component (C) usually promotes curing to a lesser extent, 
failing to provide a necessary film strength. If the amount of component (C) exceeds 30 parts, there would usually be 

30 residual excess Si-H bonds which can cause a change of physical properties with time. 

[0022] Component (Q) is an organosilane containing at least two alkoxy groups, preferably 2 to 3 alkoxy groups, 
each attached to a silicon atom, and and a mercapto group attached to a silicon atom through an alkylene group in a 
molecule, a partial hydrolysate thereof, or a mixture of such an organosilane and a partial hydrolysate thereof. It is 
effective for providing good adherence to the rubber substrate when used in combination with component (E). 

55 [0023] It should be noted that the 'partial hydrolysate°in component (D) and component (E) explained later means 
that the condensate obtained by partially hydrolysing the silane. is such that at least two, preferably at least three of 
alkoxy groups survive therein. 

[0024] The alkoxy group preferably has 1 to 8 carbon atoms, more preferably 1 to 6 carbon atoms. Examples of the 
alkoxy group include methoxy, ethoxy, propoxy, isopropoxy, butoxy, isobutoxy, ter-butoxy, methoxyethoxy, and ethox- 
40 yethoxy groups, with the methoxy and ethoxy groups being preferred for ease of synthesis. The alkylene group pref- 
erably has 1 to 8 carbon atoms, more preferably 1 to 6 carbon atoms. Examples of the alkylene group include methylene, 
ethylene, propylene, and tetramethylene, hexamethylene, methytethylene groups, with the propylene group being pre- 
ferred for storage stability and ease of synthesis. 

[0025] The organosilane may have organic groups attached to silicon atom other than the alkoxy group and the 
45 mercapto-alkylene group. Examples of such organic groups include substituted or unsubstituted monovalent hydro- 
carbon group having 1 to 8 carbon atoms as exemplified by R 1 , preferably an alkyl group such as a methyl group. 
[0026] Exemplary organosilanes as component (D) are 7-mencaptopropyltrimethoxysilane, Y-mercaptopropylmeth- 
yldimethoxysilane, mercaptopropylmethyldimethoxysilane, and and partially hydrolysed products thereof. Among 
these, y-mercaptopropyltrimethoxysilane and a partial hydrolysate thereof are preferred. 
50 [0027] Component (D) is blended in amounts of 1 to 20 parts, more preferably 2 to 15 parts by weight per 100 parts 
by weight of component (A). On this basis, less than 1 part of component (D) tends to give less adhesion. More than 
20 parts of component (D) would usually provide no further advantages and the cured coating would sometimes be 
reduced in mechanical properties. 

[0028] Component (E) is an organosilane containing at least two alkoxy groups, preferably 2 to 3 alkoxy groups, 
55 each attached to a silicon atom and a substituted or unsubstituted amino group attached to a silicon atom through an 
alkylene group in a molecule, a partial hydrolysate thereof, or a mixture of such an organosilane and a partial hydrolysate 
thereof. It is effective not only for providing good adherence to the rubber substrate when used in combination with 
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ibricity to the cured coating. 

[0029] Examples of the alkoxy group include the same alkoxy groups described for component (D) such as methoxy, 
ethoxy, propoxy and butoxy groups, with the methoxy and ethoxy groups being preferred for ease of synthesis. Exam- 
ples of the alkylene group include the same alkylene groups as described for component (D). preferably a propylene 

s group. Examples of the substituted or unsubstituted amino group include amino group, an alkyl - substituted amino 
group such as methylamino and ethylamino groups, an amino-substituted amino group such as p-aminoethyl-amino 
group, and an aralkyl-substituted amino group such asbenzylamino group. Examples of the substituted or unsubstituted 
amino group attached to a silicon atom through an alkylene group include aminomethyl, p-aminoethyl, y-aminopropyl, 
5-aminobutyl, r(methylamino)propyl, ^(ethylamino)propyl, r(M™rK)ethylamino)propyl, a nd Y-(°enzylamino)propyl 

10 groups. The alkylene group is preferably a propylene group as in the raminopropyl group when stability during storage 
is taken into account. 

[0030] The organosilane may have organic groups attached to a silicon atom other than the alkoxy group and the 
substituted or unsubstituted aminoalkylene group. Examples of such organic group include substituted or unsubstituted 
monovalent hydrocarbon groups having 1 to 8 carbon atoms as exemplified by R 1 , preferably an alkyl group such as 
is a methyl group. 

[0031] Exemplary organosilanes as component (E) are y-aminopropyltrimethoxysilane, -y-aminop ropy Itriethoxy si- 
lane, N-p-(aminoethyl)-raminopropyltrimethoxysilane; N-benzyl-Y-aminopropyltrimethoxysilane and partially hydro- 
lysed products thereof. Among these, y-aminopropyltriethoxysilane and a partial hydrolysate thereof are preferred. 
[0032] Component (E) is blended in amounts of 5 to 100 parts, more preferably 10 to 80 parts by weight per 100 
20 parts by weight of component (A). On this basis, less than 5 parts of component (E) is usually too little to contribute to 
adhesion and lubricity. More than 100 parts of component (E) may hinder curing and reduce the mechanical properties 
of a cured coating. 

[0033] Component (F) is a metal (e.g. Sn, Zn, Fe) salt of a fatty acid vdiich is a catalyst for promoting dehydrogenation 
condensation reaction between a hydroxyl group in the both end hydroxyl-blocked diorganopolysiloxane as component 

25 (A) and a Si-H bond in the organohydrogenpotysiloxane as component (C). Examples include those having an organic 
group directly attached to a metal, such as dibutyltin diacetate, dibutyltin dioctoate, dibutyltin dilaurate, dibutyftin di- 
oleate, dibutyltin distearate, tributyltin acetate, tributyftin octoate, tributyltin laurate, dioctyltin diacetate, dioctyltin dilau- 
rate, diethyltin dioleate, and monomethyltin dioleate and those free of an organic group directly attached to a metal, 
such as zinc octanoate, iron octanoate, and tin octanoate. 

30 [0034] Component (F) or fatty acid metal salt is blended in amounts of 0.5 to 15 parts, more preferably 0.6 to 10 
parts by weight calculated as metal per 100 parts by weight of the totaJ of components (A), (B) and (C). On this basis, 
less than 0.5 part of component (F) may give insufficient catalysis, resulting in short curing. More than 15 parts of 
component (F) may promote reaction too fast so that no appropriate pot life is available. 

[0035] Component (G) is fine powder having a mean particle size of up to 50 um The powder is effective for elimi- 
35 nating lustre from a cured coating of the composition, reducing the tackiness of a coating and improving the wear 
resistance of the cured coating. The powder is selected from finely divided thermoplastic resins such as polycarbonate, 
nylon, polyethylene, Teflon®, polymethylsilsesquioxane, and polyacetal and finely divided inorganic materials, for ex- 
ample, metal oxides such as silica, zirconia and alumina. Polycarbonate is preferred among others. 
[0036] The fine powder should have a mean particle size of up to 50 um preferably 0.3 to 50 ujti, more preferably 
40 1 to 30 um. A powder with a mean particle size of more than 50 jam may reduce the mechanical strength and wear 
resistance of a cured coating. Particles with a mean particle size of less than 0.3 u/n are sometimes difficult to manu- 
facture and would provide no further advantages. The fine particles are preferably spherical or flake in shape although 
polygonal particles, odd shaped particles or fragments are acceptable. The particles are preferably colored black in 
outer appearance, to help the coating to hide any discoloration of the underlying substrate. 
45 [0037] Component (G) is blended in amounts of 2 to 40 parts, more preferably 5 to 30 parts by weight per 100 parts 
by weight of the total of components (A), (B) and (C). On this basis, less than 2 parts of component (G) is usually too 
little to provide the desired effect whereas more than 40 parts may cause some deterioration of mechanical strength 
and a substantial loss of wear resistance of a cured coating. 

[0038] In general, fine powder as component (G) contributes to improvements in matte and wear resistance when 
so added to various curable coatings, for example, of urethane and silicone resin. However, fine powder has the drawback 
that when added to a coating composition, the fine powder itself has no adherence to the matrix resin and can be 
separated from the matrix resin when subject to repetitive frictional forces. The combined use of components (D) and 
(E) helps improve the adherence of fine powder to the matrix resin, thereby imparting long-lasting wear resistance to 
a cured coating. 

55 [0039] Any desired one or more additives and fillers may be added to the composition insofar as its overall effec- 
tiveness is not impaired. These may be conventional and the skilled reader may apply conventional discretion. For 
example, there may be blended reinforcing fillers such as fumed silica and precipitated silica, which may be treated to 
be hydrophobic, and non-reinforcing fillers such as silica aerogel, ground quartz, and diatomaceous earth. Various 
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ilso be used as reinforcing filler. These fillers ma* 
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ised alone or in admixture 



of two or more. Silicone resins usable herein include silicone resins consisting essentially of a F^SiO^ unit and a Si0 2 
unit and/or RSi0 3/2 unit, and silicone resins consisting of a RSiO^ unit, with compounds having a = SiOH or ■ SiOR 
group in a molecule being preferred. R represents a substituted or unsubstituted monovalent hydrocarbon group pref- 
5 erably having 1 to 8 carbon groups as exemplified by R 1 , particularly methyl, vinyl, phenyl and trifiuoropropyl groups. 
[0040] Also, inorganic pigments such as carbon black and iron oxide and UV absorbers such as carbon black and 
benzotriazole may be added to the composition. 

[0041] Further, for adjusting the physical properties of a cured coating resulting from the use of the composition, 
various silanes such as organo alkoxysilanes or partial hydrolysates thereof may be added to the composition. Exem- 

10 plary silanes are trimethoxysilane, vinyltrimethoxysilane, triethoxysiiane, vinyltriethoxysilane, tetramethoxysilane, 
tetraethoxysilane, and tetra(n-propoxy)silane. Silane coupling agents such as 7-glycidoxypropyftrimethoxysilane and 
y-methacryloxypropyltrimethoxysilane or partial hydrolyzates thereof may also be added for improving adhesion to the 
substrate. Also useful are a reaction product (i.e. an reaction product of amino group with epoxy group) of an amino 
group-containing organo alkoxysilane selected from the group consisting of y-aminopropyltrimethoxysilane, y-amino- 

is propyltriethoxysilane, N-p-(aminoethyl)-Y-aminopropyltrimethoxysilane, and N-benzyl^-aminopropyttrimethoxysilane 
with an epoxy group-containing organo alkoxysilane such as 7-glycidoxypropyltrimethoxysilane or a partial hydrolyzate 
thereof, and a reaction product (i.e. an reaction product of amino group with (meth)acryloxy group) of an amino group- 
containing organo alkoxy silane selected from the group consisting of y-aminopropyltrimethoxysilane, y-aminopropyl- 
triethoxysilane, and N-benzyl-y-aminopropyltrimethoxysilane with an acryloxy group or methacryloxy group-containing 

20 organo alkoxysilane such as y^acryloxypropyltrimethoxysilane, Y-methacryloxypropyltrimethoxysilane or a partial hy- 
drolysatethereof. These adhesion promoters may be used alone or in admixture of two or more. 
[0042] In treating rubber substrates with compositions as disclosed herein, the composition may be used as such or 
in dilution with organic solvents. The organic solvents usable for thisinclude n-hexane, n-heptane, cyclo-hexane, in- 
dustrial gasoline, petroleum naphtha, iso-paraffin, benzene, toluene, xylene, isopropyl alcohol, butyl alcohol, cyclohex- 

25 anone, methyl ethyl ketone, and mixtures thereof. Preferred among others are industrial gasoline, petroleum naphtha, 
and iso-paraffin and mixtures of one or more of them with isopropyl alcohol. The amount of organic solvent used is 
suitably selected in accordance with the viscosity desired for the composition on application. 

[0043] The composition may be readily prepared by uniformly mixing the above-mentioned components. In a pre- 
ferred practice, a mixture of components (A), (B), (C), (D), and (G), component (E), and component (F) are stored 

30 separately and these three are admixed on use. The former mixture is an independent proposal herein. 

[0044] Various rubber substrates may be treated with the compositions disclosed herein, e.g. by the following meth- 
ods. The composition can be applied to a surface of the substrate by dipping, spraying, brushing, knife coating, or roll 
coating. As previously mentioned, the composition may be used as such or after it is diluted with an organic solvent 
into a solution. The coating may be cured by allowing it to stand at room temperature or by some heating, for example, 

35 heating at a temperature of 60 to 200°C for 30 seconds to 30 minutes. 

[0045] When various rubber substrates are treated with the composition, the composition produces a cured coating 
having satisfactory non-tackiness to another substance, water repellency, lubricity and wear resistance. The rubber 
substrate is typically synthetic rubber, such as EPDM (ethylene-propylene copolymer) and it may be coated with the 
composition by any conventional technique such as spray coating. 

40 [0046] We find that we can obtain cured coatings having improved wear resistance as compared with conventional 
organopolysiloxane compositions. They aresuitable for use in applications where repetitive frictional forces are applied 
for a long term, for example, as a surface treating agent for automotive weather strips and vibration damping rubber. 
[0047] There has been described an organopolysiloxane composition which can impart non-tackiness, water repel- 
lency, lubricity and wear resistance to rubber surface. It is particularly suitable for surface treatment to form a durably 

45 wear resistant coating on rubber surface. 



[0048] Examples of the invention are given below by way of illustration and not by way of limitation. All parts are by 
50 weight. 

Examples 1 and 2 

[0049] To 1 ,000 parts of industrial gasoline No. 2 were added and dissolved 100 parts of a both end hydroxy l-blocked 
55 dimethylpolysiloxane of the following average formula (a) and 15 parts of a dimethylpolysiloxane of the following av- 
erage formula (b). 
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40 



HO(CH 3 ) 2 SiO[(CH3) 2 SiO] 5998 Si(CH 3 ) 2 OH (a) 

(CH 3 )3SiO[(CH3) 2 SiO] 59g8 Si(CH 3 )3 (b) 

To this solution were added 5 parts of a methylhydrogenpolysiloxane of the following average formula (c) and 20 parts 
of spherical particles of polycarbonate resin having a mean particle size of 20 urn. 

(CH 3 ) 3 Si[(CH 3 )HSiO] 48 Si(CH 3 ) 3 (c) 

The mixture was agitated and mixed. To this powder dispersion were added 5 parts of Y-mercaptopropyltrimethoxysilane 
and 35 parts of y-aminopropyltriethoxysilane. The mixture was agitated and mixed again. Finally, 20 parts of a 50 wt% 
toluene solution of dibutyltin diacetate was added and mixed, obtaining an industrial gasoline solution of a treating 
composition (Example 1 ). 

[0050] The same procedure as Example 1 was repeated except that the amount of the both end hydroxyl - blocked 
dimethylpolysiloxane was changed from 100 parts to 70 parts and 30 parts of a both end hydroxyl-blocked dimethyl- 
polysiloxane of the following average formula (d) was used, obtaining an industrial gasoline solution of a treating com- 
position (Example 2). 

HO(CH 3 ) 2 SiO[(CH 3 ) 2 SiO] 448 Si(CH 3 ) 2 OH (d) 

[0051] Next, each of the treating solutions prepared in Examples 1 and 2 was spray coated to a surface of EPDM 
sponge. The coatings were dried for 5 minutes and heated at 1 50°C for 2 minutes to form hard cured coatings of 5 |im 
thick. The coatings were tack-free and smooth to slide on. The coatings were subject to an abrasion test (slide abrasion 
test) under the following conditions. 

Test conditions 

[0052] 

Test machine : reciprocating abrasion tester 

Abrasion element : glass plate of 5 mm thick 

Load : 200 g 

Stroke: 100 mm 

Abrasion cycle : 30 cycles/min. 

The results are shown in Table 1. 



Comparative Examples 1 and 2 

[0053] A treating solution was prepared by the same procedure as in Example 1 except that the polycarbonate 
powder was omitted. It was similarly applied to EPDM sponge by coating and heat curing, to form a cured film on the 
EPDM surface. The coating was subject to the same abrasion test as in Example 1 . (Comparative Example 1) 
[0054] A treating solution was prepared as in Comparative Example 1 except that 1 5 parts of the dimethylpolysiloxane 
of formula ( b) was replaced by 15 parts of a dimethylpolysiloxane of the following average formula (e). 

(CH 3 ) 3 SiO[(CH 3 ) 2 SiO] 1498 Si(CH3)3 (e) 

It was similarly applied to EPDM sponge by coating and heat curing, to form a cured film on the EPDM surface. The 
coating was subject to the same abrasion test as in Example 1 . 
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(Comparative Example 2) 
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[0055] The results are shown in Table 1 . 



s Comparative Examples 3 and 4 

[0056] A treating solution was prepared by the same procedure as in Example 2 except that the polycarbonate 
powder was omitted. It was similarly applied to EPDM sponge by coating and heat curing, to form a cured film on the 
EPDM surface. The coating was subject to the same abrasion test as in Example 1 . (Comparative Example 3) 
10 [0057] A treating solution was prepared as in Comparative Example 3 except that 1 5 parts of the dimethylpolysiloxane 
of formula (b) was replaced by 15 parts of the dimethylpolysiloxane of formula (e). It was similarly applied to EPDM 
sponge by coating and heat curing, to form a cured film on the EPDM surface. The coating was subject to the same 
abrasion test as in Example 1 . (Comparative Example 4) 



is Comparative Examples 5 - 6 

[0058] A treating solution was prepared by the same procedure as in Example 1 except that 15 parts of the dimeth- 
ylpolysiloxane (b) was replaced by 15 parts of the dimethylpolysiloxane (e) (Comparative Example 5). 
[0059] A treating solution was prepared by the same procedure as in Example 2 except that 15 parts of the dimeth- 
20 ylpolysiloxane (b) was replaced by 1 5 parts of dimethylpolysiloxane (e). (Comparative Example 6) 
[0060] The results are shown in Table 1 . 



Table 1 



Abrasion Test 


Cycles 


Evaluation 


Example 1 


55,000 


OK 


Comparative Example 1 


30,000 


NG ; 


Comparative Example 2 


20,000 


NG 


Example 2 


60,000 


OK 


Comparative Example 3 


35,000 


NG 


Comparative Example 4 


20,000 


NG 


Comparative Example 5 


40,000 


NG 


Comparative Example 6 


45,000 


NG 



[0061] The coating was evaluated for abrasion by inspecting it on every 5,000 cycles. The number of cycles means 
that the cured coating was resistant against abrasion until the indicated number of cycles. For example, 55,000 cycles 
40 means that the coating was abraded away between 55,000 and 60,000 cycles. 

[0062] Japanese Patent Application No. 5-250159 is incorporated herein by reference. 

[0063] Although some preferred embodiments have been described, many modifications and variations may be made 
thereto in the light of the above teachings. It is therefore to be understood that within the scope of the appended claims, 
the invention may be practiced otherwise than as specifically described. 

45 

Claims 

1 . An organopolysiloxane composition comprising 

50 

(A) 100 parts by weight of diorganopolysiloxane of the following general formula: 



55 



HOR^SiO[RjSiO] m SiR^OH (1) 

wherein groups R 1 are selected from monovalent hydrocarbon groups whech may be unsubstituted or substi- 
tuted with halogen, nitrile or hydroxyl, except that up to 1 mol% of groups R 1 may be hydroxyl, and m is at 
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least 150; 

(B) 5 to 80 parts by weight of diorganopolysiloxane of the following general formula: 

5 R|SiO[R|SiO] n SiR2 (2 ) 

wherein groups R 2 are selected from monovalent hydrocarbon groups which may be unsubstituted or substi- 
tuted with halogen, nitrile or hydroxyl, and n Is equal to or greater than m; 

(C) 1 to 30 parts by weight of organohydrogenpolysiloxane having per molecule at least three hydrogen atoms 
10 attached to silicon atom; 

(D) 1 to 20 parts by weight of organosilane containing per molecule at least two alkoxy groups attached to 
silicon atom, and a mercapto group attached to silicon atom through an alkylene group; 

partial hydrolysate of such organosilane in which at least two alkoxy groups survive, or 
75 a mixture of such organosilane and partial hydrolysate; 

(E) 5 to 100 parts by weight of organosilane containing per molecule at least two alkoxy groups attached to 
silicon atom and a substituted or unsubstituted amino group attached to silicon atom through an alkylene group; 

20 partial hydrolysate of such organosilane in which at least two alkoxy groups survive, or 

a mixture of such organosilane and partial hydrolysate; 

(F) 0.5 to 1 5 parts by weight of metal salt of fatty acid, and 

(G) 2 to 40 parts by weight of fine powder selected from thermoplastic resins and the metal oxides silica, 
25 zirconia and alumina, and having a mean particle size not more than 50um 

2. A composition according to claim 1 in which m, the degree of polymerisation in component (A), is in the range 200 
to 10000. 

30 3. A composition according to claim 1 or claim 2 in which n, the degree of polymerisation of component (B), is in the 
range 200 to 10000. 

4. A composition according to any one of the preceding claims in which for component (D) the organosilane is selected 
from Y-mercapto-propyltrimethoxy-silane, Y-mercapto-propyl-methyl-dimethoxysilane, and Y-mercapto-propyl-tri- 

35 ethoxy-silane. 

5. A composition according to any one of the preceding claims in which for component (E) the organosilane is selected 
from yarnino-propyltrimethoxy-silane, yanmno-propyl-triethoxy-silane, N-p-(aminoethyl)-Y-amino-p ropy I -trim eth- 
oxy-silane and N-benzyl-Y-amino-propyl-trimethoxy-silane. 

40 

6. A composition according to any one of the preceding claims in which component (F) is selected from dibutyltin 
diacetate, dibutyltin dioctoate, dibutyltin dilaurate, dibutyltin dioleate, dibutyltin distearate, tributyltin acetate, trib- 
utyltin octoate, tributyltin laurate, dioctyltin diacetate, dioctyltin dilaurate, diethyltin dioleate, monomethyltin di- 
oleate, zinc octanoate, iron octanoate, and tin octanoate. 

45 

7. A composition according to any one of the preceding claims in which the fine powder (G) is selected from poly- 
carbonate, nylon, polyethylene, polytetrafiuorethylene, polymethylsilsesquioxane and polyacetal. 

8. A composition according to any one of the preceding claims in which the fine powder (G) has a mean particle size 
50 in the range 1 to 30um 

9. A mixture of the components (A), (B), (C), (D) and (G) as defined in any one of claims 1 to 4, 7 and 8 above, for 
use by mixing with the further components (E) and (F). 
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1 0. A method of preparing a composition according to any one of claims 1 to 9, comprising mixing together the men- 
tioned components thereof. 
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11 . A method of coating a rubber afflele comprising applying a composition as defim 
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ly one of claims 1 to 8 to 



the article and curing the composition. 
12. A rubber article having a coating made by curing a layer of a composition as defined in any one of claims 1 to 8. 

Patentanspruche 

1. Organopolysiloxan-Zusammensetzung, umfassend: 

(A) 100 Gewichtsteile Diorganopolysiloxan der folgenden allgemeinen Formel: 



worin die Gruppen R 1 aus einwertigen Kohlenwasserstoffgruppen ausgewahlt sind, die unsubstituiert oder mit 
Halogen, Nitril oder Hydroxyl substituiert sein konnen, mit der Ausnahme, da3 bis zu 1 Mol-% der Gruppen 
R 1 Hydroxyl sein konnen, und m zumindest 150 ist; 

(B) 5 bis 80 Gewichtsteile Diorganopolysiloxan der folgenden allgemeinen Formel: 



worin die Gruppen R 2 aus einwertigen Kohlenwasserstoffgruppen ausgewahlt sind, die unsubstituiert oder mit 
Halogen, Nitril oder Hydroxyl substituiert seiri konnen, und gilt: n > m; 

(C) 1 bis 30 Gewichtsteile Organohydrogenpolysiloxan, das pro Molekul zumindest drei an Siliziumatom ge- 
bundene Wasserstoffatome aufweist; 

(D) 1 bis 20 Gewichtsteile Organosilan, das pro Molekul zumindest zwei an Siliziumatom gebundene Alkoxy- 
gruppen und eine Mercaptogruppe, die fiber eine Alkylengruppe an Siliziumatom gebunden ist, enthalt; 

partielles Hydrolysat eines solchen Organosilans, bei dem zumindest zwei Alkoxygruppen zuruckbleiben, 
oder 

ein Gemisch aus solch'em Organosilan und partiellem Hydrolysat; 

(E) 5 bis 100 Gewichtsteile Organosilan, das pro Molekul zumindest zwei an Siliziumatom gebundene Alk- 
oxygruppen und eine substituierte oder unsubstituierte Aminogruppe, die fiber eine Alkylengruppe an Silizi- 
umatom gebunden ist, enthalt; 

partielles Hydrolysat eine solchen Organosilans, bei dem zumindest zwei Alkoxygruppen zuruckbleiben, 
oder 

ein Gemisch aus solchem Organosilan und partiellem Hydrolysat; 

(F) 0,5 bis 15 Gewichtsteile Fettsaure-Metallsalz, sowie 

(G) 2 bis 40 Gewichtsteile feines Pulver, das aus thenmoplastischen Harzen und den Metalloxiden Siliziumdi- 
oxid, Zirkoniumdioxid und Aluminiumoxid ausgewahlt ist und eine mittlere TeilchengroBe von nicht fiber 50 
u.m aufweist. 

2. Zusammensetzung nach Anspruch 1 , in der m, der Polymerisationsgrad in Komponente (A), im Bereich von 200 
bis 10.000 liegt. 

3. Zusammensetzung nach Anspruch 1 oder 2, in der n, der Polymerisationsgrad von Komponente (B), im Bereich 
von 200 bis 10.000 liegt. 

4. Zusammensetzung nach einem der vorangegangenen Anspruche, bei der fur Komponente (D) das Organosilan 
aus Y-Mercaptopropyltrimethoxysilan, y-Mercaptopropylmethyldimethoxysilan und -y-Mercaptopropyltriethoxysilan 
ausgewahlt ist. 



HOR£SiO[R^SiO] m SiRjOH 



(D 



R§SiO[R|siO] n SiR§ 



(2) 
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5. Zusammensetzung nach einen^ter vorangegangenen Anspruche, bei der fur Komponente (E) das Organosilan 
aus Y-Aminopropyltrimethoxysilan, y-Aminopropyltriethoxysilan, N-p-(Arninoethyl)-Y-arninopropyltrimethoxysilan 
und N-Benzyl^aminopropyltrimethoxysilan ausgewahtt ist. 

6. Zusammensetzung nach einem der vorangegangenen Anspruche, bei der Komponente (F) aus Dibutylzinndiace- 
tat, Dibutylzinndioctoat, Dibutylzinndilaurat, Dibutylzinndioleat, Dibutylzinndistearat, Tributylzinnacetat, Tributyl- 
zinnoctoat, Tributylzinnlaurat, Dioctylzinndiacetat, Dkxtylzinndilaurat, Diethylzinndioleat, Monomethylzinndioleat, 
Zinkoctanat, Eisenoctanat und Zinnoctanat ausgewahlt ist. 

7. Zusammensetzung nach einem der vorangegangenen Anspruche, bei der das feine Pulver (G) aus Polycarbonat, 
Nylon, Polyethylen, Polytetrafluorethylen, Polymethylsilsesquioxan und Polyacetal ausgewahlt ist. 

8. Zusammensetzung nach einem der vorangegangenen Anspruche, bei der das feine Pulver (G) eine mittlere Teil- 
chengroBe im Bereich von 1 bis 30 u,m aufweist. 

9. Gemisch aus den Komponenten (A), (B), (C), (D) und (G), wie nach einem der obigen Anspruche 1 bis 4, 7 und 
8 definiert, zur Verwendung durch Vermischen mit den weiteren Komponenten (E) und (F). 

10. Verfahren zur Herstellungeiner Zusammensetzung nach einem der Anspruche 1 bis 9, umfassend das Vermischen 
ihrerobengenannten Komponenten. 

1 1 . Verfahren zum Beschichten eines Gummigegenstands, umfassend das Auf bringen einer Zusammensetzung nach 
einem der Anspruche 1 bis 8 auf den Gegenstand und das Harten der Zusammensetzung. 

12. Gummigegenstand mit einem Uberzug, der durch Harten einer Schicht aus einer Zusammensetzung nach einem 
der Anspruche 1 bis 8 hergestellt ist. 



Revendications 

1 . Composition d'organopolysiloxane comprenant 

(A) 100 parties en poids d'un diorganopolysiioxane de la formule generale suivante : 



ou les groupes R 1 sont selectionnes parmi des groupes hydrocarbures monovalents qui peuvent etre non 
substitues ou substitues par un halogene, un nitrile, un hydroxyle, sauf que jusqu'& 1 % en moles des groupes 
R 1 peut etre un hydroxyle, et m vaut au moins 150 ; 

(B) 5 k 80 parties en poids d'un diorganopolysiioxane de la formule generale suivante : 



ou les groupes R 2 sont selectionnes parmi des groupes hydrocarbures monovalents qui peuvent etre non 
substitues ou substitues par un halogene, un nitrile ou un hydroxyle, et n est egal k ou superieur k m ; 

(C) 1 k 30 parties en poids d'un organohydrogenopolysiloxane ayant par molecule au moins trois atomes 
d'hydrogene attaches k Patome de silicium ; 

(D) 1 k 20 parties en poids d'un organosilaine contenant par molecule au moins deux groupes alcoxy attaches 
a un atome de silicium, et un groupe mercapto attache & un atome de silicium par un groupe alkylene ; 

un hydrolysat partiel d'un tel organosilane dans lequel au moins deux groupes alcoxy survivent, ou 
un melange d'un tel organosilane et d'un tel hydrolysat partiel ; 

(E) 5 k 100 parties en poids d'un organosilane contenant par molecule au moins deux groupes alcoxy attaches 
k un atome desilicium et un groupe amino substitue ou non substitue attache k un atome de silicium par un 



HOR^SiO[R^SiO] m SiR^OH 



RfSiO[R|SiO] n SiR§ 
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groupe alkylene ; 

un hydrolysat partiel d'un tel organosilane dans lequel au moins deux groupes alcoxy survivent, ou 
un melange d'un tel organosilane et d'un tel hydrolysat partiel ; 

(F) 0,5 k 15 parties en poids d'un sel metallique d'un acide gras, et 

(G) 2 a 40 parties en poids d'une poudre fine selectionnee parmi des r6sines thermoplastiques et les oxydes 
metalliques, silica, zircone et alumine, et ayant une taille moyenne de particules non superieure k de 50|im. 

2. Composition selon la revendication 1 , dans laquelle m, le degr6 de polymerisation dans le composant (A), est 
dans I'intervalle de 200 k 10 000. 

3. Composition selon la revendication 1 ou 2 dans laquelle n, le degr6 de polymerisation du composant (B), est dans 
I'intervalle de 200 k 1 000. 

4. Composition selon Tune quelconque des revendications precedentes dans laquelle pour le composant (D) I'orga- 
nosilane est selectionne parmi le y-mercapto-propyl trimethoxy silane, le Y-mercaptopropylmethyldimethoxysilane, 
et le Y-mercaptopropyltriethoxysilane. 

5. Composition selon Tune quelconque des revendications precedentes dans laquelle pour le composant (E) I'orga- 
nosilane est selectionne parmi le y-amine propyl-trimethoxy silane, le y-aminopropyltriethoxysilane, le N-|3-(ami- 
noethyl)-y-aminopropyl, trimethoxy silane et le N-benzyl-y-aminop ropy It rim6thoxy silane. 

6. Composition selon Tune quelconque des revendications precedentes dans laquelle le composant (F) est selec- 
tionne parmi le dibutyietain diacetate, le dibutyletain dioctoate, le dibutyietain dilaurate, le dibutyietain dioieate, le 
dibutyietain distearate, le tributyletain acetate, le tributyietain octoate, le tributyietain laurate, le dioctyietain diace- 
tate, le dioctyietain dilaurate, le diethyletain dioieate, le monomethyletain dioieate, le zinc octanoate, (e fer octa- 
noate, et retain octanoate. 

7. Composition selon I'une quelconque des revendications precedentes dans laquelle la poudre fine (G) est selec- 
tionnee parmi du polycarbonate, du nylon, du polyethylene, du polytetrafluoroethyiene, du polymethylsilsesquioxa- 
ne et du polyacetal. 

8. Composition selon I'une quelconque des revendications precedentes dans laquelle la poudre fine (G) a une taille 
moyenne des particules dans Tintervalle de 1 k 30 urn 

9. Melange des composants (A), (B), (C), (D) et (G) tel que defini dans I'une quelconque des revendications 1 k 4, 
7 et 8 ci-dessus, pour utilisation par melange avec les composants suppiementaires (E) et (F). 

10. Methode de preparation d'une composition selon quelconque des revendications 1 k 9, comprenant le melange 
des composants mentionnes ci dessus ensemble. 

11. Methode de revetement d'un article en caoutchouc comprenant Papplication d'une composition telle que detinie 
dans I'une quelconque des revendications 1 k 8 sur I'article et la polymerisation de la composition. 

1 2. Article en caoutchouc ayant un revetement fait par polymerisation d'une couche d'une composition telle que definie 
dans Tune quelconque des revendications 1 k 8. 
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